Poly(ADP-ribose) polymerase (PARP) is a conserved enzyme involved in the regulation of DNA repair and genome stability. The role of PARP during aging is not well known. In this study PARP activity was investigated in nuclear fractions from hippocampus, cerebellum, and cerebral cortex of adult (4 months), old adult (14 months) and aged (24-27 months) rats. Concomitantly, the free radical evoked lipid peroxidation was estimated as thiobarbituric acid reactive substances (TBARS).
gested that oxidative damage of cellular components, including DNA, occurs during brain aging. However, data concerning the role of PARP during brain aging are controversial and inconsistent. Messripour et al. (1994) found that PARP activity and enzyme protein level in neurons and astrocytes of whole rat brain increased by over three times in 30 month-old rats compared to 3 month-old controls. Salminen et al. (1997) observed a significant decline of PARP protein level in replicatively senescent cultured fibroblasts. Age-related decline of PARP activity in brain and other tissues, and in cell lines was also observed by Mishra & Das (1992) , Quesada et al. (1990) , and Grube & Bürkle (1992) . Maximal PARP activity (stimulated with oligonucleotides) in mammalian mononuclear leukocytes was also determined by Grube & Bürkle (1992) . They found a positive correlation between specific PARP activity and mean and maximal life span of the 13 mammalian donor species. The amount of PARP protein was not changed. The highest specific activity of PARP with no changes in enzyme protein level was found in human cell lines derived from centenarians (Muiras et al., 1998) .
It is suggested that this enhancement of PARP activity may be important for long-term maintenance of genome integrity and may contribute to longevity (Muiras et al., 1998) . The aim of this study was to investigate PARP activity in different parts of the brain during aging. In addition, free radical-evoked lipid peroxidation was evaluated in aging brain and correlated with PARP activity. A preliminary report of this work was published (Strosznajder et al., 1999) . Rats were decapitated and brains were rapidly removed. The hippocampus, cerebellum and brain cortex were isolated and dissected. A 10% homogenate was obtained by homogenization of dissected brain parts in a Douncetype glass homogenizer in 0.32 M sucrose with 10 mM Tris/HCl, pH 7.4. The homogenate (10%, w/v) was centrifuged for 3 min at 1100 g. The pellet (P 1 ) containing the nuclear fraction was used for the experiments.
MATERIALS AND METHODS

Male
Determination of PARP activity. The PARP activity was determined according to Ueda et al. (1982; Precipitates were collected on Whatman GF/B filters, washed five times with 3 ml of 5% TCA and dried. The radioactivity was determined using an LKB Wallac 1409 scintillation counter. Determination of thiobarbituric acid reactive substances. Thiobarbituric acid reactive substances (TBARS), including malondialdehyde, the last products of lipid peroxidation, were determined according to Asakawa & Matsushite (1980) . The brain cortex, hippocampus and cerebellum were homogenized in ice-cold 10 mM Tris/HCl buffer, pH 7.4. The homogenates were resuspended in 10 mM Tris/HCl buffer, pH 7.4 at protein concentrations of approx. 0.5 mg/ml and incubated for 5 min. After incubation 1 ml of 30% TCA, 0.1 ml of 5 N HCl and 0.75% thiobarbituric acid were added. The tubes were capped and the mixture was heated at 100°C for 15 min in boiling water bath. After centrifugation, the absorbance of the supernatant was determinated at 535 nm against the reagent blank.
Western blot analysis. Homogenate or nuclear fractions from brain cortex and hippocampus were used for Western blot. Samples were examined using tricine sodium dodecyl sulphate/polyacrylamide gel electrophoresis described by Schägger & Von Jagow (1987) . Briefly, the protein samples were heated in buffer containing 37.5 ml/ml b-mercaptoethanol at 95°C for 5 min and then loaded in aliquots of 50 mg of protein per lane onto a discontinuous gel system consisting of stacking (4%) and separating (7.5%) gels. Electrophoresis was performed at 200 V for 45 min. The separating gel was 55 mm long. After electrophoresis the proteins were transferred for 3 h at 4°C into a nitrocellulose membrane. Then the membrane was left overnight in a phosphate buffer solution containing 5% milk (fatt free) and Triton X-100 (PBS-T). The membranes were incubated at room temperature with a primary polyclonal antibody against PARP diluted 1 : 300 (polyclonal rabbit antibody against PARP) in 0.25% milk for 2 h. The membranes were washed 3 times for 15 min in PBS/Tween-20, and then were incubated with horseradish peroxide-linked secondary antibody diluted 1 : 1000 in 0.25% milk for 60 min. Then were washed 3 times in PBS -0.005% Tween-20 and once for 15 min with PBS. The membrane was dried and protein was visualised with an ECL kit as recommended in manufacturer's protocol.
The Ethics Committee accepted the research project.
RESULTS
It was observed that specific activity of PARP in nuclear fraction from adult rat brain was higher in hippocampus than in cerebellum and was the lowest in cerebral cortex and reached the value of 24.78 ± 2.98, 20.82 ± 4.09, and 15.52 ± 3.94 pmol/mg protein per min respectively (Fig. 1-3A) . In hippocampus from 14 months old animals PARP activity was about two fold higher than in control (4 months old). However, in aged rats (24-27 months old) the enzyme activity was significantly lower then, observed in control group. (Fig. 1A) . The Western blot analysis indicated no alteration in PARP protein content (data Vol. 47 Poly(ADP-ribose) polymerase activity in different parts of the brain 333 not shown). In cerebral cortex PARP activity was insignificantly higher in 14 and 24-27 months old animals compared to control ( Fig. 2A) . In cerebellum of 14 months old animals PARP activity was significantly increased about two fold while in aged rats this enzyme activity was close to the control value (Fig. 3A) . Concomitantly free radical-evoked lipid peroxidation was measured as the level of the last products of lipid peroxidations aldehydes and ketones reacting with thiobarbituric acid reactive substances (TBARS). It was found that concentration of TBARS was similar in all investigated parts of the adult brain and it was not significantly changed during aging ( Fig. 1-3B ). However, during incubation of brain homogenates for 60 min at 37°a significantly higher accumulation of TBARS was observed in hippocampus comparing to the other parts of the brain (Table 1) . This enhancement of TBARS level during incubation of homogenates from hippocampus, brain cortex and cerebellum was similar in 4, 14, and 24-27 months old animals ( Table 1 ).
DISCUSSION
Our results indicate an aged related alteration of PARP activity in different parts of the brain. We observed an enhancement of PARP activity in all three parts of the brain of old adult animals. This increase of PARP specific activity may be considered as an early indicator of DNA damage. It is possible that higher radical oxygen species (ROS) formation and DNA damage observed by Mecocci et al. (1993) , Ashok et al. (1998) , Lu et al. (1999) , Edris et al. (1994) during aging may be responsible for this activation of PARP in old adult animals. However, significantly lower PARP activity in aged hippocampus may be explained by lower gene expression, covalent modification of the enzyme, or interaction with other nuclear factors. Mishra & Das (1991) showed a sharp decline in PARP activity in testis of aged rats. Das & Kanungo (1986) reported a decline in PARP activity in brain of rats during development. Mishra & Das (1992) presented data on a sharp age-related decline of (ADP-ribosyl)ation of chromosomal proteins in brain and liver of rats. Their findings together with the data of Chaturvedi & Kanungo (1983) suggest that progressive condensation of chromatin along with aging may be responsible for the decline in PARP activity in old age. Our data suggest that the decrease of PARP activity in hippocampus may be responsible for the lower abil- Data are means ± S.E.M. from two experiments, each carried out in triplicate, presented as percentage of control value. The control value for PARP activity was 15.52 ± 3.94 pmol/mg protein per min from 3 experiments, each carried out in triplicate. The control value for TBARS was 1.84 ± 0.25 nmol/mg protein from 5 experiments, each carried out in triplicate.
ity of DNA to undergo repair in this part of the brain and for the higher vulnerability of hippocampal neurones to toxic insults. During incubation a higher accumulation of TBARS was observed in hippocampus compared to cerebral cortex and cerebellum. However, TBARS concentration was the same in all parts of the brain and was not changed during aging. In many studies oxidative damage is suggested to be an important factor in aging. However, there is no consensus about the free radicals theory because negative or inconclusive evidences has also been obtained (Starke-Read, 1997).
The decreased PARP activity may have influence on the reduced functional activity of hippocampal neurones in old age due to the possible involvement of poly(ADP-rybosyl)ation of chromosomal proteins in several aspects of gene expression as it was suggested previously by Mishra & Das (1992) . It has been suggested that the decrease in poly(ADP-ribosyl)ation of nuclear proteins and also non histone proteins in old age may refer to the lower transcriptional activity of chromatin (Tanigawa et al., 1976) . However, Messripour et al. (1994) reported up-regulation of PARP protein level and its higher activity in cells isolated from the whole aged brain. Up till now there have been many controversions in the literature on age-related alterations of PARP activity. The reason for such discrepancies could be different experimental models and materials used by different groups. Changes in intracellular distribution of protein are possible since several groups reported the existence of an extranuclear population of PARP (Chypre et al., 1988; Cookson et al., 1999) . Qualitative changes in the enzyme itself may also occur during aging. Moreover, it is impossible to exclude an influence of signal transduction processes that can be changed during aging. Cohen-Armon et al. (1999) reported that activation of poly(ADP-rybosyl)ation is mediated by phospholipase C and inositol 1,4,5-trisphosphate (IP 3 ) dependent Ca 2+ release.
These results suggested that PARP could be a new target for cholinergic receptor dependent signal transduction pathway. The latest studies of Ayyagari et al. (1998) indicate that this pathway is significantly affected by aging. Moreover, several groups have shown that PARP could serve as a substrate for protein kinases that may change PARP activity (Ruscetti et al., 1998) .
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